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Short Communication
Although strong evidence for positive effects on mathematics 

was reported in a review by Singh et al. [1] there is currently 
inconclusive evidence for the beneficial effects of physical 
activity (PA) on academic performance in children. Relationship 
between physical fitness and academic achievement is frequently 
reported. Children who are more physically fit tend to have higher 
cognitive functions and academic achievements; especially aerobic 
endurance seems to be linked to academic achievement. However, 
not all forms of exercise influence cognition equally and results 
from interventions with aerobic exercise are not very promising. 
In fact, aerobic exercise interventions (e.g. running or walking) and 
resistance training show the least benefit for improving executive 
functioning (EF) of all interventions, according to Diamond et al. 
[2].  Measures of EF (inhibitory control, working memory, and 
cognitive flexibility) are often used as indicators of cognition and 
learning. An intervention among adolescents consisted of increased 
PA 20min/day with focus on intense aerobic exercise and low 
cognitive demands. No effects were found on any EF. Sjöwall et al. 
[3] conclude that aerobic exercise with low cognitive load does not 
produce improvements in EF. 

The impact of physical fitness on academic achievement may 
have been overestimated in many studies when other important 
factors have not been included. Recommendations for PA thus 
focus on the quantitative aspects and health-related components 
of physical fitness. The importance of motor skill acquisition (e.g. 
balance and coordination) early in life is often overlooked, which 
may limit qualitative aspects of interventions, such as motor skill  

 
development, socialization and enjoyment of exercise. Oberer 
et al. [4] found that early physical fitness had only an indirect 
effect on later scholastic performance and state that visual-motor 
coordination is an overlooked indicator of school readiness. Thus, 
it may not be the change in cardiovascular fitness that determines 
improvements in EF. Could it be improvements in motor skills, 
rather than changes in fitness, that improve EF and learning? 
Neuropsychological studies report that the same brain areas are 
activated during motor and EF tasks Diamond [5]. In a consensus 
conference 24 researchers from different research areas conclude 
that mastery of fundamental motor skills is beneficial to cognition 
and scholastic performance in children and youth Bangsbo et al. [6]. 

Learning new motor skills can be demanding, both coordinately 
as well as cognitively and it seems to be one way to improve 
cognitive functions, especially EF. Oberer et al. [4] found that visual-
motor coordination was a stronger predictor for later academic 
achievement than physical fitness, suggesting that visual-motor 
coordination is of particular importance in the beginning of formal 
schooling when learning to write is not yet automatized. Children 
with better visual-motor coordination are thus at an advantage 
compared to children with less well-developed motor coordination. 
Intervention programs over several weeks that include cognitively 
challenging PA (i.e. exercises that require complex, controlled motor 
skills) seem to be more effective in improving EF and cognitive 
performance than aerobic exercise Koutsandréou et al. [7,8]. A 
theoretical explanation is the cognitive stimulation hypothesis, 
which assumes that coordinative demanding PA (e.g. learning 
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new motor skills, sports or coordinative skills) not only increases 
physical fitness, but also enhances higher-order cognitive control, 
i.e. EF Tomporowski et al. [9]. Although motor skills were found 
to be a stronger predictor of academic achievement than aerobic 
fitness de Bruijn et al. [10], the authors conclude that children’s 
academic achievement benefits most from PA that include both 
aerobic fitness and gross motor skills. 

Koutsandréou et al. [7] examined the impact of aerobic com-
pared to motor skills exercise on primary school children’s work-
ing memory. Students in a control group had assisted homework 
sessions. Working memory performance benefited from both the 
aerobic and motor exercise programs, but not from the control con-
dition. The increase in working memory was significantly larger 
for children in the motor exercise compared to the aerobic exer-
cise group. Special motor demanding interventions seems to be a 
beneficial strategy to improve working memory in preadolescent 
children. Schmidt et al. [11] also recommend physical activities that 
are cognitively and coordinately demanding. In a systematic review 
by Macdonald et al. [12] statistically significant effects of motor 
skill interventions on academic performance compared to control 
groups were found in all four examined studies. In the Swedish 
Bunkeflo project Ericsson et al. [13] studied long-term effects on 
motor skills and scholastic performance of daily physical education 
(PE) and adapted MUGI motor skills support (Figure 1) for children 
in need of it. In the intervention group significant improvements 
were found in reading, writing and mathematics, and 96% of the 
students compared to 89% in the control group qualified for upper 
secondary school. The intervention was an effective way to improve 
not only motor skills but also academic achievements. Health-eco-
nomic analyses show that daily PE and MUGI motor skills exercise 
would give society gains (reduced morbidity costs and productivity 
gains) of SEK 38,000 (Euro 4,130) per student ten years after leav-
ing school Gerdtham et al. [14].

Figure 1: The Motor skills Development as Ground for 
Learning (MUGI) model for understanding the relationship 
between motor skills and learning: Improvements and 
automatization of fundamental motor skills lead to 
increased self-efficacy and physical self-esteem, which 
give better prerequisites for attention and comfort in 
school, which lead to increased motivation to learn new 
things.

Diamond et al. [8] report that school programs have had much 
better results for improving inhibitory control than any other ap-
proach. However, not all school programs show positive results. In 
Scandinavia it has become quite popular to use pulse-raising ex-
ercise in the classroom during regular lessons. Seven minutes of 
pulse-raising exercise at the beginning of each mathematic lesson 
showed no improvements in mathematics in the intervention group 
compared to a control group Balan et al. [15]. Another intervention 
study examined the effect of Movement Integrated into Teaching. 
There were no effects on 13–15 years-old students´ reading and 
math scores after 12 weeks Løgstrup Ottesen et al. [16]. A me-
ta-analysis by Álvarez-Bueno et al. [17] gave the same result that 
classroom-based PA did not have a positive impact on children’s 
cognition.  Moderate levels of PA may have the greatest benefit and 
high levels of PA might impair cognitive performance. PA imme-
diately prior to a learning session should not be too intense since 
high stress or fatigue may blunt the beneficial effect Bangsbo et al. 
[6]. Preadolescent children had daily intense aerobic exercise in 
school, aimed at increasing cardiovascular fitness. The results after 
two years showed that longtime high intensity PA did not lead to 
any improvement in working memory or mathematics Sjöwall et 
al. [18]. Unexpectedly, a significant increase in self-rated stress was 
detected in the intervention group, especially among girls. 

The meta-analysis by Álvarez-Bueno et al. [17] showed that es-
pecially PE can improve several aspects of academic achievement, 
e.g. mathematics and reading-related skills. In interventions devel-
oped by trained PE teachers, the benefits were greater. Dalziella 
et al. [19] found lasting cognitive and coordination improvements 
after a PE intervention including fundamental locomotor skills 
(crawling, creeping, marching and skipping). These results are in 
line with the findings in the Bunkeflo project Ericsson et al.  [13]. 
In addition, research shows that children with a competent level of 
motor skill performance are more likely to be and stay physically 
active after leaving school.  A problem in many studies is that re-
searchers tend to study only the intensity of PA. It may not be the 
level or intensity of aerobic exercise that needs to be investigated. 
In future studies researchers need to focus on the quality of phys-
ical activities and different school programs; what kind of exercise 
is important for children´s learning and well-being in school? There 
is a need for more controlled studies that investigate the impact of 
different physical activities, especially the differences between ef-
fects of aerobic exercise compared to motor skills exercise on stu-
dents´ academic achievements.
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